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1
MULTI-FORMAT ON-SCREEN MONITOR

This application 1s a continuation-in-part of application
Ser. No. 08/950,451, filed Oct. 15, 1997, now 1ssued as U.S.
Pat. No. 6,069,607.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to the field of video and audio signal
monitoring and test equipment, and 1n particular concerns a
signal processor with analog composite video inputs, serial
digital video inputs (compliant with ITU-R BT.601 SMPTE
259M standards at 270 Mb/s, 50 Hz and 60 Hz field rates,
also called CCIR 601) as well as stereo analog audio inputs.
The signal processor 1s operable selectively and/or simulta-
neously to display video images, graphic video waveform
information, graphic vector data and audio information,
including audio phase and multi-channel audio signals, 1n
high resolution form. The mvention 1s useful in connection
with audio and graphics production, mixed format and video
production and post production facilities, and can replace
multiple pieces of test equipment such as waveform
monitors, vectorscopes, audio test sets and various format
video monitors.

2. Description of the Related Art

Standard video signals are generally displayed on either
television sets or composite video monitors in color or black
and white. For color, the standard color composite video
signal 1s an analog signal that electrically represents the
brightness or luminance, saturation and color hue or chromi-
nance of a complete video picture or frame, divided into
sequential individual picture elements (pixels) of a raster
scanned display. A pixel 1s the smallest discrete area of a
television or video picture, each including adjacent red, blue
and green phosphors. In addition, the signal includes syn-
chronizing information associated with controlling raster
scanning, such as blanking and maintaining the correct
phase relationship between the signal and deflection of the
clectron beam for scanning accurately over the respective
colored parts of the successive pixels.

Monitors compliant with various video standards such as
NTSC, PAL and SECAM are available and display a video
image 1n an interlaced format having specific timing. For
example, an NTSC compliant composite video signal is
displayed with 525 lines per frame at 30 frames per second.
Each frame 1s composed of two interlaced fields of 262.5
lines completed at a field rate of 59.94 Hz.

Three basic types of synchronizing information are con-
tained 1n the signal, namely horizontal sync pulses at the line
rate, vertical sync pulses at field rate and a color burst during
horizontal blanking. The color burst typically controls a
phase locked loop and provides a frequency and phase
reference for correctly decoding the color information by
illuminating the correct colored phosphors with the cathode
ray electron beam at the correct time.

Video production equipment advantageously includes
various forms of video and audio signal monitoring and
measurement equipment useful to verity the integrity of the
signal being processed, for example for adjusting equipment
to certain standards when processing a test pattern or for
ogenerally monitoring characteristics of the program. The
composite graphic video wavelorm can be viewed
ographically, for example, using an oscilloscope triggered by
the horizontal sync to provide a two dimensional represen-
tation of the video signal in Cartesian coordinates (X axis—
time, Y axis—amplitude) when processing a test pattern
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2

having vertical color bars. Alternatively a modified oscillo-
scope with specific time bases and amplitude scales 1s used.

The color content of the video signal i1s represented by
phase relationship to the subcarrier synchronized to the color
burst. Accordingly, color information 1s advantageously
displayed graphically in a polar plot using a vectorscope. A
vectorscope 1s generally a specialized, oscilloscope operable
to display a Lissajous pattern in which both the X and Y axis
of the display represent luminance information (e.g., red
minus luminance plotted against blue minus luminance).
The vectorscope 1s useful 1n setting or monitoring timing,
phase and amplitude parameters of a video signal to match
standard color test patterns.

Typical stereo and/or mono audio information which
accompanies a television video signal 1s generally displayed
on moving needle galvanometers or LED bar displays with
scales calibrated 1n dB. Multi-channel “surround sound”
audio information advantageously displayed with multiple
bar displays with scales calibrated 1n dB. For example, the
Tektronix AV601 provides AES/EBU Daigital Audio Moni-
toring capabilities 1including Audio Level, Phase and Time
Code Displays.

Test mnstruments such as the Videotek VIM-100, VIM-
100D and the Tektronix WVR500 provide for the simulta-
neous display of video image information, waveform, vector

and audio graphic display information in interlaced format
on an NTSC or PAL monitor. The use of standard interlaced

displays for simultaneous display of such information
severcly limits the clarity and detail of the video 1mages,
rasterized waveforms, vectorscope and audio graphic dis-
play mformation.

It would be desirable to provide a simple and efficient
means to display NTSC. PAL, SECAM and High Definition

(1.c., as specified in SMPTE 292M) video images,
waveforms, vectorscope and audio graphic display informa-
fion with increased clarity and detail, and preferably selec-
fively and simultaneously.

SUMMARY OF THE INVENTION

The present invention 1s directed to an audio-video signal
processor with two analog composite video inputs, two
serial digital video inputs (compliant with ITU-R BT.601
and SMPTE 259M standards at 270 Mb/s, 50 Hz and 60 HZ
field rates) as well as two stereo analog or digital audio
inputs. The processor controls simultaneously display of
video 1mages, waveform, vector and audio information in
high resolution form, each 1n a quadrant of standard com-
puter monitor.

In another inventive aspect of the present invention 1s
directed to an audio-video signal processor having dual
serial digital inputs (e.g., 720p, 10801, and 1080p/24sf serial
digital input formats), an audio graphic display for 5.1 or 7.1
channels of input audio display and monitoring, XGA
(1024x768) output, a display aspect ratio of either 4:3 or
16:9, A-B parade/overlay inputs (synchronous and same
format) and filters, Timecode input (LT'C and VANC) with
on screen display, Analog, AES/EBU and embedded audio
inputs with analog monitoring, 8 Analog, AES/EBU and
embedded audio inputs and associated displays. The pro-
cessor controls simultaneously display of video 1mages,
waveform, vector and audio information (audio phase and
improved multiple channel audio graphic displays) in high
resolution form, each 1n a quadrant of standard computer
monitor.

The 1nvention 1s useful 1n connection with graphics,
mixed format and video production and post production
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facilities including broadcasting, and serves all the functions
of wavelorm monitors, vectorscopes, various types of audio
test sets and standard video monitors, providing substantial
cost reduction and increased convenience.

BRIEF DESCRIPTION OF THE DRAWINGS

There are shown 1n the drawings certain exemplary

embodiments of the invention as presently preferred. It
should be understood that the invention is not limited to the

embodiments disclosed as examples, and 1s capable of
variation within the scope of the appended claims. In the
drawings,

FIG. 1 1s block diagram of the video imput circuitry in
accordance with the mvention.

FIG. 2 1s a block diagram of circuitry for generating and
outputting a non-interlaced video 1image 1n accordance with
the 1nvention.

FIG. 3 1s a block diagram of a dual RAM bank, waveform

sweep generator, dedicated digital processor and associated
circuitry 1n accordance with the mvention

FIG. 4 1s a block diagram of the audio mput circuitry, peak

detector and phase detector 1n accordance with the inven-
tion.

FIG. 5 1s a pictorial diagram showing simultaneous dis-
play of a video 1image, waveform, vector and audio graphic
display information in high resolution form, each in a
quadrant of standard computer monitor.

FIG. 6 1s a block diagram of a portion of the audio input
circuitry showing the embedded audio, AES/EBU audio and

analog audio 1nput in accordance with an alternate embodi-
ment of the invention.

FIG. 7 1s a block diagram showing a portion of the audio
input circuitry showing the serial to parallel convertor and
digital signal processor in accordance with FIG. 6.

FIG. 8 1s a block diagram showing the video input
circuitry showing two digital video inputs and generating
video wave form information 1n accordance with an alter-
nate embodiment of the 1nvention.

FIG. 9 1s a block diagram showing the circuitry for force
scaling video image information for display in a quadrant of
a standard computer monitor 1n accordance with an alternate
embodiment of the invention.

FIG. 10 1s a block diagram showing the external reference
signal circuitry in accordance with an alternate embodiment
of the nvention.

FIG. 11 1s a block diagram of a dated distributor and dual
ram bank for storing wave form, vector and Lissajous data
for output to the RAMDAC, 1n accordance with an alternate
embodiment of the invention.

FIG. 12 1s a block diagram showing the graphics picture
MUX, RAMDAC and output switch for a simultaneous
display of video image, wave form, vector and audio graphic
display information in high resolution format, each 1 a

quadrant of a standard computer monitor 1n accordance with
an alternate embodiment of the invention.

FIG. 13 1s a block diagram showing the main processor,
CPU graphics processor and various interfaces 1n accor-
dance with an alternate embodiment of the invention.

FIG. 14 1s a pictorial diagram showing simultaneous
display of a video 1mage, waveform, vector and improved
audio graphic display information in high resolution form,
cach 1n a quadrant of standard computer monitor in accor-
dance with an alternate embodiment of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The 1nvention comprises a signal processor with analog,
video 1nputs for analog video mput signals 1in both NTSC
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and PAL formats, serial digital video mputs for serial digital
input signals, as well as analog and digital audio mputs for
standard analog and AES/EBU digital audio input signals.
The serial digital video inputs are compliant with ITU-R
BT.601 (formerly known as CCIR 601) and SMPTE 259M
standards which define the sampling systems, matrix values,
and filter characteristics for both Y, B-Y, R-Y and RGB
component digital television. The signal processor also has
additional control mputs for computer control of various
functions via a standard RS-232 serial port and GPI/TALLY
connector. The signal processor 1s operable to process the
audio and video input signals and simultancously display
video 1mages, waveform, vector and audio information in
high resolution form, each 1n a quadrant of standard SVGA
computer monitor in 800x600 pixel resolution.

FIG. 1 1s a block diagram illustrating circuitry for the
analog and digital inputs for receiving analog and digital
video 1nput signals, respectively. The analog and/or video
input signals are processed to extract a horizontal sync
signal and a vertical sync signal. These sync signals are
utilized by the signal processor for the generation of various
timing signals. For analog video inputs, red minus lumi-
nance (R-Y), blue minus luminance (B-Y), composite video
(VIDORCAL) and CHROMAFIL signals are produced for
use as source signals for generation of waveform or vector
display. For digital video inputs Y, Cb, Cr, R, G, B, R-Y,
B-Y, composite video (VIDORCAL) and CHROMAFIL
signals are produced for use as source signals for generation
of wavelform or vector display.

Analog REF input 10 1s coupled to mput amplifier 12.
One of analog NTSC/PAL 1nput A, 14, and analog NTSC/
PAL 1nput B, 16, are selected by the input select switch 18
which is user controllable via the front panel (not shown).
The selected analog N'TSC or PAL input 1s coupled to input
amplifier/DC restore circuit 20 which 1s operable to DC
restore based on the state of the clamp on/off signal which
also originates from user controllable front panel controls

(not shown). Thus, the selected NTSC/PAL input signal is
DC restored under user control.

The REF select switch 22 selects the between the REF
mput and one of analog N'TSC/PAL mputs A and B for
subsequent processing ito horizontal sync, vertical sync,
red minus luminance and blue minus luminance signals. The
selected REF signal 1s coupled to DC restore circuit 24 and
accordingly 1s always DC restored. The DC restored REF
output 26 1s routed to sync separator 28 for generation of
horizontal sync and vertical sync signals and to subcarrier
regeneration circuit 30, subcarrier phase shifter 32 and
chroma demodulator 34 for generation of red minus lumi-
nance (R-Y) and blue minus luminance (B-Y) signals which
are subsequently amplified as shown by block 36.

The analog video 1nput signal as selected by mput select
switch 18 1s also routed to SC/H phase measurement circuit
37 for measurement of subcarrier to horizontal phase rela-
tionship. The output of the SC/H phase measurement circuit
37 is coupled to the microprocessor (FIG. 3) for subsequent
processing and/or display. For NTSC video, SC/H represents
the phase relationship of the subcarrier to the leading edge
of horizontal sync. SC/H phase 1s correct when the zero
crossing of subcarrier 1s aligned with the 50% point of the
leading edge of sync. For PAL video signal, SC/H phase 1s
defined as the phase of the EU component of the color burst
extrapolated to the half amplitude point of the leading edge
of synchronizing pulse of line 1 of field 1.

One of serial digital video mput C, 38, and serial digital
mput D, 40, are also selected by input select switch 18. The
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selected serial digital video input signal used to generate
horizontal sync and vertical sync signals for generation of
subsequent timing signals. Y Cb Cr signals from which
RGB, gamut error signals, red minus luminance and blue
minus luminance as well as the composite video signals are
derived, are used as input signals for the generation of
waveform and/or vector display.

The selected serial digital input 1s coupled to a serial
digital receiver 42 which locks to the serial data stream and
generates separate data and clock signals which are routed to
a serial digital decoder 44 and EDH coprocessor 46. The
EDH coprocessor detects EDH and data errors and commu-
nicates these to the CPU (FIG. 3). The 10-bit parallel output
of the EDH coprocessor 1s separated by 4 10-bit registers.
The digital register outputs are converted into analog Y Cb
CR format via triple 10-bit digital to analog converter 50.
The Y Cb Cr format signal 1s input to filters 52 and to
YCbCr-to-RGB transcoder 54, which converts the Y Cb Cr
signal to RGB. The Y Cb Cr and RGB signals are subse-
quently amplified as shown by block 36. The RGB signal 1s
input to a Gamut error detection circuit which produces a
Gamut error signal 38, which 1s coupled to the micropro-
cessor (FIG. 3) for subsequent processing and/or display.

The EDH coprocessor output 1s also routed to a digital
video to composite encoder 60 which generates horizontal
and vertical sync signals as well as a composite video signal.
The 1nput select switch selects between composite video
originating from analog video mputs A or B and digital video
inputs C or D and the resulting composite video signal 1s
shown on FIG. 1 by reference number 62. Composite video
signal 62 is also input to a chroma filter (bandpass filter,

Fsc=3.58 mhz-NTSC, 4.43 mhz-PAL) for generation of the
CHROMAFIL signal which 1s also mput to amplifier block
36.

For purposes of calibration the CAL pulse calibration
signal 68 1s provided and can be switched 1n place of the
composite video signal by calibration switch 70. The
VIDORCAL signal 72 1s output from the calibration switch
and represents composite video from one of the analog or
digital video 1nputs, depending on the state of the input
select switch, or the CAL pulse calibration signal. The
resultant VIDORCAL 72 signal 1s input to amplifier block
36.

For analog video imputs, the R-Y, B-Y, composite video
(VIDORCAL) and CHROMAFIL signals are available on
the output of amplifier block 36 for use as source signals for
generation of a waveform or vector display. For digital video
inputs the Y, Cb, Cr, R, G, B, R-Y, B-Y, composite video
(VIDORCAL) and CHROMAFIL signals are available on
the output of amplifier block 36 for use as source signals for
generation of a waveform or vector display.

The wavetorm source switch 74 selects between the Y Cb
Cr R G B VIDORCAL and CHROMAFIL source signals for
subsequent waveform display as the signal Y (Y axis). The
vector source switch 78 selects between the Cr, Cb signals
and the R-Y, B-Y signals for subsequent vector display as
the signals X (76) and Y (78) (X and Y axis). Lowpass filter
82, 2.5x amplifier 84 and attenuators 86, 88 adjust the source
signals under user control via front panel switches (not
shown).

FIG. 1 also shows 10 bit A/D converters 90 and 92 for
analog to digital conversion of the X and Y signals 76, 78
respectively. Offset circuits 94 and 96 provide an offset
adjustment of the X and Y signals under user control via
front panel switches (not shown). The digital output of A/D
converters further processed 1nto waveform and vector dis-
play as set out 1n detail below.
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FIG. 2 shows a block diagram of the circuitry for con-
verting composite video signal 62 (interlaced) into a non-
interlaced video 1mage (either a full screen image or a
rasterized video image), as well as the circuitry for output-
ting a non-interlaced video 1mage 1n accordance with the
invention. Composite video signal 62 1s mput to a NTSC/

PAL-to-YUV decoder 98 (NTSC/PAL to Digital
Components) which digitizes the signal and produces par-
allel digital Y and time multiplexed UV outputs along with
assoclated timing and control’signals. The output of the
NTSC/PAL-to-YUYV decoder 98 1s coupled to a video line
doubler 100 and associated 256Kx8 memory chips which
convert the YUV signals from interlaced to non-interlaced
format (progressive scan). The output of the video line
doubler 100 1s 8 bit parallel data representing red, green and
blue portions of the video 1image 1n RGB format.

The output of the video line doubler 100 is mnput to a
resizing engine 102 which produces individual picture ele-
ments (pixels) for display on a non-interlaced video monitor.
Each pixel 1s consists of an R, G and B value each being
8-bits in size (24-bit color) which allows for 224 possible
colors. Each color pixel data 1s stored in one of two RAM
buffers (Red—104 and 110, Green—106 and 112, Blue
108—114) which are controlled by 17-bit counters 116 and
118. Timing signals for 17-bit counters 116 and 118 are
provided by a phase locked loop 120 which 1s synchronized
to the analog or digital video input signal as selected.

The outputs of the RAM bullers 104—114 are coupled to
octal registers 122—132 which feed triple D/A converter 134.
The output of triple D/A converter 134 1s filtered and
clamped as shown by block 136 to produce a non-interlaced
video 1mage 138 1n RGB format. The non interlaced video
image 138 1s resized by the resizing engine for display in one
quadrant of a standard SVGA monitor at 800x600 resolu-
tion. In the alternative, the output of the video line doubler
1s coupled directly to the triple D/A converter 134 for
ogenerating a full screen video 1mage as shown by dotted line
140, when so selected by the user.

FIG. 2 also shows the block diagram of the phased locked

loop 120 which generates several of the timing signals used
in conjunction with the display of video images, waveform,
vector and audio information 1n accordance with the mven-
tion. First and second voltage controlled oscillators (VCOs)
are provided for generating an accurate clock signal syn-
chronized to the selected mput. The first VCO 142 1s used
for NTSC or digital 525/60 operation, and the second VCO
144 1s used for PAL or digital 625/50 operation. One of the
V(COs 1s selected for use depending on the type of video
mput signal that has been selected. The selected VCO
becomes part of the phase locked loop having a timing PLD
146 and a phase comparator and filter circuit 148. The output
of the selected VCO 1s counted down and 1s locked to
horizontal sync (HS). The synchronized pixelclk signal
becomes the timing source for various circuifry in accor-
dance with the mnvention including the VGA horizontal and
vertical sync signals (vgahsync and vgavsync), and pictime,
which determines where on the display the picture appears.

FIG. 3 shows the block diagram of the circuitry for
generation of waveform, vector and audio graphic display
information such as a bar graph as well as graticule and
menu 1nformation for display on the VGA monitor as
controlled by a microcontroller system having a micropro-
cessor 150 with associated ROM, RAM, control circuitry for
generating control signals, data and address busses and CPU
image RAM interface 152. The status of the front panel
controls 154 are 1nput to the microprocessor 150 though I/0
ports or the like. The microprocessor 1s coupled to front



US 6,532,024 Bl1

7

panel indicators 156 so that the front panel indicators can be
controlled by the microprocessor.

The final image that the circuitry shown i FIG. 3
ogenerates 1s the result of two sources. The first source
consists of two RAM banks which store information per-
taining to the waveform and vector signals based on the data
received from 10 bit A/D converters 92 and 90 (digitized X
and Y signals) as shown in FIG. 1. The second source
consists of a third RAM bank which stores CPU generated
image data such as screen text, graticules and an audio
cgraphic display.

Data from 10 bit A/D converters 92 and 90 (digitized X
and Y signals) is input to latches 160 and 158 respectively.
The digitized Y signal 1s mput to vertical lookup table 162
and the resulting table output i1s stored in RAM Bank 1
(164). Horizontal and vertical sync signals are input to
programmable waveform sweep generator 166 which has
first and second outputs 168 and 170. Multiplexer 172
having first and second inputs 174 and 176 1s provided to
switch between the digital X signal and the first output of the
programmable waveform sweep generator 168. The digi-
tized X signal from latch 160 1s coupled to multiplexer input
174. The first output of the programmable sweep generator
168 1s coupled to the second multiplexer mput 176. Multi-
plexer output 178 1s mnput to horizontal lookup table 180 and
the resulting table output is stored in RAM Bank 2 (182).
The second output of the programmable sweep generator
170 1s coupled to a sample clock phase shifter 184 and the

resulting output sample clock signal 1s coupled to the
PAUNTSC 1input of the phase locked look shown 1n FIG. 2.

The vgavsync and vgahsync signals and the pixelclk
signals from the phase locked loop are input to VGA pixel
counter and VGA line counter 186 and 188 respectively. The

outputs of the VGA pixel counter and VGA line counter are
coupled to the CPU 1mage RAM interface 152 and first and

second RAM banks 164 and 182.

The output of first and second RAM banks 164 and 182
are output to multiplexer 190. The output of the CPU 1mage
RAM 1nterface 152 and the output of multiplexer 190 are
coupled to RAMDAC 192 which produces analog image
information 194 in RGB (progressive scan) format.

FIG. 4 shows a block diagram of the audio mput circuitry,
peak detector and phase detector 1n accordance with the
invention. Analog audio inputs A1L, A1R, A2L., A2R, B1L,
B1R, B2L and B2R are coupled to audio input amplifiers
196. The digital audio mput signals have left and right audio
multiplexed 1n a single signal. Accordingly, digital inputs
Cl1L&R, C2L&R, D1L&R and D2L&R are coupled to an
input selection multiplexer 198 (selected via front panel
controls) and to digital to analog converters 200. Two of the
four input channels (A, B, C or D) are then selected via the
audio source selection multiplexer 202. The audio source
selection multiplexer is coupled to attenuators 204 (selected
via front panel controls). The output of the attenuators are
coupled to peak detectors 206, phase detectors 208 and
audio output buffers 210. The outputs of the peak detectors
206 and phase detectors 208 are coupled to multiplexer 212
and subsequently 12 bit AND converter 214. The digitized
peak and phase data from the 12 bit A/D converter 1s coupled
to the microprocessor data bus and 1s used by the micro-
processor to generate audio bar graphs with peak signal
displays as well as phase mnformation displays.

In operation the circuitry shown in FIG. 1 processes
analog and digital video inputs signals and produces red
minus luminance (R-Y), blue minus luminance (B-Y), com-

posite video (VIDORCAL) and CHROMAFIL signals for
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analog video mputs as well as Y, Cb, Cr, R, G, and B for
digital inputs. These signals are digitized by A/D converters
90 and 92 and are subsequently used as source signals for
generation of waveform and/or vector display.

The circuitry shown 1 FIG. 3 receives the digitized
source signals and generates 1mage 1information for display
of the vector and waveform information under the control of
microprocessor 150 generally using waveform sweep gen-
erator 166 lookup tables 162, 180 and first and second RAM
banks 164 and 182. The resulting vector and 1mage infor-
mation 1s multiplexed through RAMDAC 192 and 1s com-
bined with microprocessor-generated graticule and menu
data via CPU 1mage RAM interface 192. The microproces-
sor 150 1s operable to read front panel controls 154, selec-
tively control the associated circuitry and control front panel
indicators 156 to provide imnformation to the user.

Video 1mage information 1s generally processed by the
circuitry shown 1n FIG. 2 as controlled by microprocessor
150. Interlaced video 1image information 1s processed by
video line doubler 100 1n order to convert to non-interlaced
format. If the resulting image 1s to be displayed 1n a quadrant
of the SVGA monitor, the output of the video line doubler
1s coupled to resizing engine 102, RAM buifers 104-114 and
octal registers 122—132. The resulting video 1mage 1s then
converted from digital to analog via triple D/A 134, filtered
and multiplexed with the analog image information 194
(FIG. 3) via switch 216 as controlled by the pictime signal

(from phase locked loop 120).

Audio signal processing 1s performed by the circuitry
shown 1n FIG. 4 1n conjunction with microprocessor 150.
Digital audio 1nput signals converted to analog and are 1input
to audio source selection multiplexer 202. Analog input
signals are amplified and are also mput to audio source
selection multiplexer 202. The selection of the particular
audio source for generation of bar graph information 1s
accomplished via front panel controls as controlled by
microprocessor 150. User controls are also provided for
optional attenuation based on front panel controls. The
selected audio information 1s then input to peak detectors
206 and phase detectors 208 for generation of at least one
peak value and phase difference value. The selected audio
information (analog), peak value and phase difference value
are then digitized by A/D converter 214 for 1input to micro-
processor 150. The microprocessor then constructs audio

ographic display information for display via RAMDAC 192
(FIG. 3).

The video output 218 1s designed specifically to drive a
super VGA (SVGA) progressive scan (i.e. non-interlaced)
computer monitor at a resolution of 800 pixels per line by
600 lines per frame, at frame rates of 59.94 Hz for NTSC
inputs, and 50 Hz for PAL iputs. These rates match the
vertical frame rates of the respective standards. The result of
using 800x600 resolution 1s a video and graphic display of
hitherto unachieved clarity of detail for television images,
rasterized waveforms, rasterized vectorscope
representations, bar graph audio level meters, and the text
and graticules that accompany these. Because of the wide-
spread and increasing usage of personal computers, abun-
dant and low cost monitors compatible with the mmvention
are available and 1n accordance with the invention produce
a very precise and readable display of video and audio
information.

FIG. § shows the simultaneous display of a video 1mage,
waveform, vector and audio graphic display information in
high resolution form, each in a quadrant of standard com-
puter monitor 228. In a preferred selected mode the mven-
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tion displays the resized, full motion video picture 220
carried by the selected video mput 1 the upper right
quadrant of the SVGA monitor; the real time waveform 222
in the lower right quadrant including graticules and voltage
level labels; the vectorscope representation of the signal 224
in the lower left quadrant including labeling and markings
for a standard color bar test signal, and the audio graphic
display 226 (bar graph) of the audio levels of 2 selected
stereo pairs and their phase differences in the upper left
quadrant. Alternatively, the user can select a tull screen view
of the video 1mage, waveform, vectorscope or audio graphic
display mformation.

For the selected waveform, the invention provides for
user selection of: vertical gain of one or 2.5; zoomed
displays around the O IRE region and around the 100 IRE
region, horizontal magnification of one or five; 1 H, 2 H, 1
V, and 2 V displays; the display and identification of just one
individually selected line out of the entire NTSC/PAL frame;
flat, low pass, and chroma filtering of the displayed wave-
form; and horizontal and vertical positioning of the wave-
form with respect to 1ts graticule via front panel H and V
wavelorm position controls.

For the vectorscope display, the invention provides for
user selection of: rotation of the display through 360* via a
front pancl VECTOR PHASE control; zoomed views of
cach of the four quadrants of the vector display plus a center
zoomed view; for digital inputs, display of component
vectors or composite vectors, for PAL, display of normal or
NTSC overlaid modes; allowance for 75% and 100% color
saturation; horizontal and vertical positioning of the vector-
scope display with respect to 1ts graticule; and graticules that
include targets for standard color bar test patterns.

For the audio display, the invention provides for user
selection of: audio level and phase difference display of 2
stereo pairs selected from among 4 mput analog sterco pairs
and 4 mput AES/EBU standard serial digital stereo pairs;
selection of one of 4 wide dynamic range measurement
scales calibrated in dB; reference levels for O dB of 0, +4,
+6, +8, and +12 dBm for analog inputs, and -22, =20, -18,
and —16 dBfs for digital inputs; a display zoomed around 0
dB; and normal, peak, and peak hold displays with choice of
bar graph display ballistics (equivalent to galvanometer
meter damping control). The audio display preferably also
utilizes colors such as green, yellow, and red in display
regions on the audio level bar graphs to warn the user of
excessive levels. The invention 1s operable to display an
audio phase difference measurement based on the low pass
filtered output of “exclusive-or” of hard limited audio sig-
nals.

For the entire display, the invention provides for user
selection of background color, wavetform color, vectorscope
color, and graticule color. Front panel controls allow for user
control of various display and selection modes. The inven-
fion provides an on-screen setup menu allowing the user to
choose, and set values for lesser used functions and condi-
fions.

The microprocessor automatically changes the graticules
as appropriate for the display selected by the front panel
controls. For NTSC/PAL mputs, a measurement of leading
edge of horizontal sync to subcarrier phase (SC/H phase)
also 1s displayed on the SVGA monitor. For serial digital
video 1nputs, the SVGA monitor displays the presence,
absence or erred condition of EDH, input signal DATA
errors, and GAMUT errors 1n the nput stream.

Additional control can be exercised through the use of a
computer keyboard interface, a PC compatible RS-232 serial
port, and a GPI/TALLY connector.
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In an alternate embodiment, the invention provides
enhanced audio display capabilities including Lissajous
(audio phase display) and improved multiple channel audio
ographic displays 1n addition to video 1image and waveform
display capabilities (FIG. 14). Lissajous displays are par-
ticularly useful in measuring channel separation (e.g.,
between left and right audio channels). An improved mul-
tiple channel bar graph 1s also provided. This type of display
simultaneously shows the relative amplitude of all channels
of an audio surround sound signal (e.g., 5.1 or 6.1).

The 1nvention 1s compatible with a wide range of sur-
round sound formats such as AC-3 (i.e., DOLBY DIGITAL
or 5.1) which provides six separate audio channels. The left,
center and right channels generally provide audio informa-
tion 1maged 1n front of the listener and provide positioning
of dialogue. Separate or “discrete” left and right surround
channels are generally provide audio information imaged on
the side and/or behind the listener to provide atmospherics
and ambient sounds. A separate subwoofer/bass efiects
channel adds an extra punch to action and special etfects
sequences. Other surround formats including 7.1 formats are
also compatible with the mvention.

FIGS. 6 and 7 show a block diagram of the audio mput
circuitry 1n accordance with the invention. Three types of
audio 1nputs are provided and accept: embedded audio
(derived from SMPTE 292M digital video data inputs);
AES/EBU audio and analog audio signals. User controls
(not shown) are provided for selecting one of the three types
of audio input signals for processing and generation of an
audio graphic display and/or Lissajous. Embedded audio
data and analog audio signals are first converted into a serial
digital data streams (e.g., AES/EBU format) and are ulti-
mately routed to the digital signal processor and main
processor for further processing and display.

It 1s understood that the term “user control” as used herein
refers to any form of user controlled mnput signaling means
(e.g., toggle switch, push button, touch screen input, or
remote control software command). User controls are gen-
erally used herein to allow the user to select between various
inputs, output formats, filters, gain parameters and the like.

As show in FIG. 6, analog audio signals (differential) are
coupled to a differential audio receivers as shown generally
by block 300. It 1s understood that multiple analog audio
inputs are provided, each having an associated differential
receiver which converts the differential audio into a single
ended audio signal. The single ended audio signal 1s coupled
to an analog amplifier and analog to digital convertor 302 for
conversion 1nto a serial data stream. The serial data stream
(digitized analog) is coupled to an input of digital multi-
plexer and serial to parallel convertor 304.

Embedded audio information 1s extracted using an
embedded audio extractor 306 conforming to the SMPTE
299M standard. The output of the embedded audio extractor
(embedded digital) 1s coupled to an input of digital multi-
plexer and serial to parallel convertor 304. The embedded
audio extractor and digital multiplexor and serial to parallel
convertor are coupled to, and at least partially controlled by,
the main processor 308.

AES/EBU (i.e., serial) audio signals are coupled to AES/
EBU receivers 310 each having output (AES/EBU digital)
which 1s fed directly into an input of digital multiplexor and
digital to parallel convertor 304. Thus, the digitized analog
and embedded digital signals are essentially identical in
format as the AES/EBU digital signal. Digital multiplexor
and digital to parallel convertor 304 1s responsive to user
control (not shown) such that a the user selected signal type
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1s subsequently output by the digital multiplexor and digital
to parallel convertor 304.

FIG. 7 (a continuation of FIG. 6) shows the digitized
analog, embedded digital and AES/EBU digital signals

coupled to mputs of the digital multiplexor and serial to
parallel convertor 304. Responsive to user controls (not
shown), digital multiplexor and serial to parallel convertor
304 sclects one of the digitized analog, embedded digital and
AES/EBU digital signals and converts the selected signal to

parallel data (digital audio from FIFO). The output of the
digital multiplexor and serial to parallel convertor 304 is
coupled to digital signal processor 312 and ultimately to a
RAMDAC for display on a conventional computer monitor.
The function of the digital signal processor will be discussed
in more detailed below.

In general, the digital signal processor performs two
functions, generation of Lissajous (audio phase display) data
and generation of audio graphic display (VU meter) data.
The numerical calculation of an audio Lissajous pattern
(audio phase) is performed by generally known and con-
ventional means using standardized algorithms. The Lissa-
jous data 1s then ultimately loaded into the RAMDAC and
output on the standard computer monitor. Similarly, the
audio graphic display data (for VU or PPM meter) is
calculated using conventional techniques. In general, the
audio graphic display 1s a bar graph which simulates a
cgalvanometer or voltmeter with standardized dB calibration
for measuring audio signal levels. A VU meter (or audio
graphic display of a VU meter) has an attack and overshoot
(i.e., needle ballistics) optimized for broadcast and sound
recording. VU meter characteristics are defined by ANSI
specification “Volume Measurements of Electrical Speech
and Program waves,” C16.5-1942. In general, 0 VU 1s
defined to be a level of +4 dBu for an applied sine wave. The
VU meter has relatively slow response. It 1s driven from a
full-wave averaging circuit defined to reach 99% full-scale
deflection 1n 300 ms and overshoot not less than 1% and not
more than 1.5%. Since a VU meter 1s optimized for per-
ceived loudness it 1s not a good indicator of peak perfor-
mance.

The mnvention can also produce an audio graphic display
calibrated as a peak program meter (PPM). In general, the
PPM augments the VU meter and both are often used in
modern recording studios. The PPM 1s particularly valuable
for digital audio recording or signal processing due to the
critical monitoring required to prevent exceeding 0 dBFS
and reducing saturation or clipping of audio signals. There
are several different PPM specifications, but no one univer-
sal standard; although the German DIN specification 45406
functions somewhat as a de facto standard. An interesting
aspect of PPM design 1s that rather than respond instanta-
neously to peaks, PPMs require a finite mtegration time so
that only peaks wide enough to be audible are displayed.
DIN 45406 translates this into a response that 1s 1 dB down
from steady-state for a 10 ms tone burst, and 4 dB down for
a 3 ms tone burst (this is consistent with the other commonly
seen specification of 2 dB down for a 5 ms burst—both
requirements. are satisfied by an attack time constant of 1.7
ms (BBC requirement is 2.5 ms). The specified decay rate of
1.5 seconds to a =20 dB level can be met with a 650 ms time
constant. The VU or PPM data for the audio graphic display
is selectable by user control (not shown) and is ultimately
stored in the CPU Graphics Processor 398 (i.e., third RAM
bank) and subsequently loaded into the RAMDAC and
output on the standard computer monitor.

The invention also provides a loop back path for genera-
tion of an analog audio signal based on the selected signal
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(output by the digital multiplexer and serial to parallel
convertor 304). An output of the digital multiplexer and
serial to parallel convertor 304 1s coupled to digital to analog
convertor 314 and converted back to an analog signal. The
output of the digital analog convertor 314 1s coupled to an
output jack (not shown) and can be used for diagnostic and
testing purposes.

FIG. 8 shows a block diagram of the digital input circuitry
for, SMPTE 292M digital video input signals and for gen-
erating video waveform information. Two 1dentical inputs;
316 and 318 are provided for digital video input signals, A
and B, respectively. Inputs 316, and 318 are individually
selectable via a video multiplexer responsive to user control
(not shown). SMPTE 292M digital video input signals are in
YCbCr format. A transcoder 1s provided for optional con-
version to, and subsequent display of, RGB format video
waveform information. A user control (not show) is pro-
vided for selection between YCbCr and RGB format.

The digital video 1nput signals are coupled to input cable
equalizers 320, 322 which compensate for signal loss due to
cable length. The equalized video mput data i1s coupled to
serial to parallel convertors 324, 326 which derive separate
video clock and video data signals for each 1mput. The video
clock and video data signals are coupled to YCbCr demul-
tiplexers and video decoders 328, 330 which demultiplex the
Y, Cb and Cr components of the digital video signal (in
accordance with SMPTE 292M). The video clock and video
data signals are also coupled to a clock MUX and data
MUX, respectively, for subsequent scaling and output as
video 1mage mformation. The video clock signals are also
routed to a DClock multiplexer (not shown) which generates
the DClock signal based on the user selected video input
signal (A or B). The DClock signal is simply the clock signal
for the selected video input signal (A or B) and generally is

as a clock signal for the YCbCr to RGB transcoder 334, line
select control and multiplexer 340 and 12 bit DAC 342.

The output of YCbCr demultiplexers and video decoders
328, 330 are mput to a video multiplexor 332. The output of
the video multiplexor 332 is selected by a user control. (not
shown) such that digital video data from input signal A or B
1s coupled to the multiplexer output. The output of the video
multiplexor 1s coupled to a YCbCr to RGB transcoder 334
and 1s further processed for generation of video waveform
information. The Cb and Cr outputs of the video multiplexor
332 are coupled to Dual 10 Bit DAC 336 which generates
signals VEC X and VEC Y, which represent video vector
information and are subsequently processed into a video
vector display.

As 1s generally known 1n the art, transcoder 1s basically a
matrix multiplier. The transcoder 1s coupled to the main
processor which 1s operable to 1nitialize the transcoder with
a plurality of numerical coefficients to convert the YCbCr
decoded video information to RGB or otherwise manipulate
the YCbCr components 1f desired. As shown 1 FIG. 8, the
video multiplexer 332 outputs separate representations of
the Y, Cb and Cr components of the digital video input
signal. The R, G and B components of a corresponding RGB
signal are mathematically related to and can be derived from
the luminance and chroma components of the YCbCr signal.
In operation, the main processor 1s operable to load the
transcoder with the desired coeflicients prior to cross mul-
tiplication. In general, the desired coefficients are dependant

on the format of the video mnput signal and are selected 1n
accordance with SMPTE 240M and SMPTE 274M.

Aside from converting YCbCr data to RGB data, the
transcoder coefficients can be set to the value one, and the
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output of the transcoder will be simply YCbCr data. Further,
the transcoder can be loaded with combinations of coelli-
cients of ones and zeros such that the individual components
Y, Cb and Cr are 1solated for later display individually.
The output of the YCbCr to RGB transcoder 334 (shown
at C) 1s coupled to the input of the line select buffers 338 and
1s subsequently mput to line select control and multiplexer
340. The line select control and multiplexer 340 1s respon-
sive to user controls (not shown) via the main processor to
1solate a particular line of the video signal. Thus, the line
select control and multiplexer allows the user to select and
1solate a particular line of the video input, A or B, for further
display. In the alternative, the line select control and mul-
tiplexer 340 can be disabled so that the entire video wave-

form 1s subsequently displayed. The output of the line select
control and multiplexer 340 1s coupled to 12 Bit DAC 342

which generates an video waveform signal. User controls
(not shown) allow the user to select a 2.5 gain (see blocks
344 and 346) and/or a low pass filter (see blocks 348 and
350) for application to the video waveform signal. User
controls (not shown) also provide for a vertical waveform
positioning as shown by summing amplifier 352. The output
of the summing amplifier WFM Y represents the video
wavelorm information and 1s subsequently further processed
for display.

As shown 1n FIG. 9, the digital video mput data and clock
signals (derived from input signals A and B—see FIG. 8) are
coupled to data and clock multiplexers 354, 356 which are
selected by a user control (not shown) to select either the A
or B digital video mput. The selected data and clock signals
are routed to a picture timing decoder 358 which generates

the horizontal and vertical sync signals. The selected data
and clock signals as well as horizontal and vertical sync
signals are input to video scaler 360. The main processor 1s
operable to select the desired scaling of the digital video
input signal. For example, the selected digital video 1nput
signal can be displayed 1n % screen or full screen format.

In general a video scaler 1s operable to produce a video
image 1n a wide range of resolutions and refresh rates.
Independent of the original incoming video format. Like line
doublers and quadroopers, a video scaler combines the
information in the odd and even fields of an 1ncoming video
signal mmto a combined non-interlaced picture. Then, the
video scaler uses various processing algorithms to manipu-
late the 1mage to change its resolution, refresh rate and
aspect ratio to match the desired output specifications. Video
scaling essentially eliminates the limitations imposed by line
doubling and quadrooping technology. Thus any resolution
can be achieved by loading the proper command words 1nto
the video scaler to select the desired output. Video scaling
circuits for use 1 accordance with the invention are com-
monly available from a variety of manufacturers. In the
present embodiment, the main processor 1s operable to load
the video scaler 360 with the appropriate command words
depending on whether a ¥ screen or full screen 1mage. It 1s
understood that virtually any size video image can be
produced. The output of the video scalar 360 1s coupled to
an 1nput of frame rate converter 364 which generates video
image data (PICTURE DATA) in progressive for display on

a standard computer monitor.

An alarm sub system and line rate control 362 1s coupled
to the main processor 308 as well as the selected clock and
data signals. Alarm sub system and line rate control 362
monitors the mput levels, RGB gamut and the like and
generates alarm signals (if necessary) responsive to the
selected video input signal (A or B).

FIG. 10 shows a block diagram of the circuitry for
processing an external reference input. The external refer-
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ence mnput 366 is operable to accept NTSC/PAL (analog)
video signals as well as high definition tri-level sync signals.
Sync separators 368, 370 separate the required sync signals.
The type of signal is selected via a user control (not shown).
The selected signal, sync signals, HD Hsync and HD Vsync
signals are 1nput to a reference control and loss of reference
alarm circuit 372 which generates horizontal and vertical
sweep signals H SWP and V SWP and, if necessary, a loss
of reference alarm signal. The H SWP and V SWP signals
are 1nput to a ramp generator 374. The output of the ramp
generator 15 coupled to summing amplifier 376 which 1s used
to set the horizontal position of the waveform responsive to
user control (not shown). A user control is also provided for
selecting 5x gain ( see blocks 378, 380) and the sweep ramp
(WEFM X)) is subsequently output for further processing and

synchronizing of the video signals.

FIG. 11 shows a block diagram of the data distributor 382
and dual RAM bank 384 which ultimately stores the digi-
tized representations of the video waveform vector and
Lissajous signals generated by circuitry previously dis-
cussed. The WEM Y, WFEM X, VEC Y and VEC X signals
are coupled to offset shift and clip circuits 386 and are then
converted to digital signals by A/D converters 388. The
Lissajous signal, generated by the digital signal processor
312, 1s already 1n digital form and 1s directly input to the data
distributor 382. The waveform, vector and Lissajous data 1s
then selectively routed to individual sections of the dual

RAM bank 384 which 1s subsequently coupled to the
RAMDAC 390 as shown 1n FIG. 12. The PICTURE DATA
signal (FIG. 9) as well as the output from the dual RAM
bank are coupled to graphics picture MUX 400 and then
coupled to RAMDAC. The output of the RAMDAC 1s
coupled to an output switch which 1s selectable via user
controls (not shown). The output switch allows for optional
viewing of an externally generated video (e.g., SVGA,
XGA . . . ) signal. If selected, the output of the RAMDAC
1s subsequently output as a video signal for viewing on a

standard computer video 1mage 1n progressive scan format
(i.e., SVGA, XGA . . .).

FIG. 13 shows the front panel interface 392, time & data
clock 394 and SMPTE Timecode reader 396 and keyboard
interface 402, which are coupled to the main processor 308.
CPU graphics processor 398 creates a video image of a third
RAM bank containing graphics information (such as such as
oraticule, audio graphic display, messages and other line and
text based information from the main processor and/or DSP)
which 1s coupled to the nput of the graphics picture MUX
400. CPU graphics processor 398 generally comprises a
RAM bank and state machine for outputting digital compo-
nent video for combination with data routed to the RAM-
DAC. Various other signals are also generated by the CPU
ographics processor such as the VGA HS and VGAVS

(horizontal an vertical sync) signals as shown.

FIG. 14 shows the simultaneous display of a video 1image,
waveform, vector and audio graphic display information in
high resolution form, each 1n a quadrant of standard com-
puter monitor. In a preferred selected mode the invention
displays the resized, full motion video picture 404 carried by
the selected video 1nput 1n the upper right quadrant of an
XGA computer monitor; the real time waveform 406 1n the
lower right quadrant including graticules and voltage level
labels; the vectorscope representation 408 the selected video
signal in the lower left quadrant (approximately) including
labeling and markings for a standard color bar test signal,
and the audio graphic display 410 (bar graph) of the audio
levels of 5.1 surround sound signal and the associated phase
differences. Alternatively, the user can select a full screen
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view of the video 1mage, waveform, vectorscope, Lissajous
or audio graphic display information.

In general, the mnvention supports 720p, 10801, and 1080
and 1080p/24st serial digital input formats; audio display for
5.1 or 7.1 channels of input audio display and monitoring.

VGA (1024x768) output; Display aspect ratio of either
4:3 or 16:9 (using rectangular pixels); A-B parade/overlay
inputs (synchronous and same format) and filters; Timecode
input (LTC and VANC) with on screen display; Internal on
screen clock with ability to be set from 1nput Timecode;
Adjustable alarm limits; On screen measurement Cursors;
GPI for alarms; On screen alarm log—downloadable;
Analog, AES/EBU and embedded audio inputs with analog,
monitoring; Frame Capture with selection of modes—B&W
and/or Color; 8 Analog, AES/EBU and embedded audio
inputs.

For the audio graphic display, the invention provides for
user selection of the three types of audio inputs (analog,
embedded and AES/EBU) and displays the audio level and
assoclated surround LR phase and Aux phase; user selection
of one of 4 wide dynamic range measurement scales cali-
brated 1n dB; reference levels for 0 dB of 0, +4, +6, +8&8, and
+12 dBm for analog inputs, and -22, -20, -18, and -16 dBfs
for digital inputs; a display zoomed around 0 dB; and normal
VU, peak, and peak hold displays with choice of bar graph
display ballistics (equivalent to galvanometer meter damp-
ing control). The audio display preferably also utilizes colors
such as green, yellow, and red in display regions on the
audio level bar graphs to warn the user of excessive levels.
The 1nvention 1s operable to display an audio phase Lissa-
jous (similar to the video vector image as shown).

For the enftire display, the invention provides for user
selection of background color, waveform color, vectorscope
color, and graticule color. Front panel controls allow for user
control of various display and selection modes. The inven-
tion provides an on-screen setup menu allowing the user to
choose, and set values for lesser used functions and condi-
tions.

The main processor automatically changes the graticules
and text information as appropriate for the display selected
by the user controls. For digital video inputs, the video
monitor displays the presence, absence or erred condition of
CRC calculation, GAMUT errors in the input stream and
loss of video signal.

Additional control can be exercised through the use of a
computer keyboard interface, a PC compatible RS-232 serial
port, and a GPI/TALLY connector.

Advantages of the Invention

Numerous advantages are provided by employing the
present 1nvention, a non-exhaustive list 1s disclosed below.
The present invention provides an audio-video processor
operable to display video images, wavelform, vector and
audio information in high resolution form, preferably simul-
tancously 1n quadrants of a standard computer monitor
display. The 1invention also provides an audio-video proces-
sor operable to display video 1mages, waveform, vector and
audio 1information on a standard computer monitor without
the need for processing the data by computer, and at high
resolution and high data rate. The invention further provides
an audio-video processor operable to digitize composite
video signals utilizing 24-bit color representation (16,777,
216 colors) and to display the digitized video signal on a
standard SVGA computer monitor 1n full screen, full motion
640 pixel per line by 480 line per frame format. The
invention further provides an audio-video processor oper-
able to digitize composite video signals utilizing 24-bit color
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representation (16,777,216 colors) and to display the digi-
tized video signal on a standard XGA computer monitor in
full screen, full motion 1024 pixel per line by 768 line per
frame format. The invention further provides an audio-video
processor operable to display waveforms, vectorscope and
audio graphic display information on a standard SVGA
computer monitor 1n full screen format. The invention
further provides an audio-video processor operable to dis-
play waveforms, vectorscope and audio graphic display
information on a standard XGA computer monitor in full
screen format. The invention further provides an audio-
video processor operable to digitize composite video signals
utilizing 24-bit color representation and to display the digi-
tized video signal in one quadrant of a standard SVGA
computer monitor (800 by 600 pixels) in full motion 400
pixel per line by 300 line per frame format. The 1nvention
further provides an audio-video processor operable to digi-
tize composite video signals utilizing 24-bit color represen-
tation and to display the digitized video signal in one
quadrant of a standard XGA computer monitor (1024 by 768
pixels) in full motion 512 pixel per line by 384 line per frame
format (approximately). The invention further provides an
audio-video processor operable to digitize and represent a
video signal, waveform, vector and audio graphic display
information such as a bar graph on a standard SVGA
computer monitor each displayed in a quadrant of the
standard SVGA computer monitor. The mvention further
provides an audio-video processor operable to digitize and
represent a video signal, waveform, vector and audio
oraphic display information such as a bar graph on a
standard XGA computer monitor each displayed 1n a quad-
rant of the standard XGA computer monitor. These and other
advantages are readily apparent, the scope of the invention
as claimed 1s by no means limited to or by the precise
advantages recited above.

The 1nvention having been disclosed in connection with
the foregoing variations and examples, additional variations
will now be apparent to persons skilled in the art. The
invention 1s not intended to be limited to the variations
specifically mentioned, and accordingly reference should be
made to the appended claims rather than the foregoing
discussion of preferred examples, to assess the scope of the
invention 1in which exclusive rights are claimed.

We claim:

1. A signal processor for use with a standard non-
interlaced computer monitor comprising:

at least one video 1nput for receiving a video input signal
in at least one of an analog format and a digital format;

at least one audio 1nput for receiving an audio 1nput signal
in at least one of an analog format and a digital format;

means for generating a resized non-interlaced video
image based on the video mput signal;

means for generating a graphic video waveform and a
vector diagram based on the video mput signal;

means for generating an audio graphic display and audio
phase diagram based on the audio mput signal; and

means for generating an output for simultaneously dis-
playing at least two of the resized non-interlaced video
image, graphic video waveform, vector diagram, audio
oraphic display and audio phase diagram 1n progressive
scan format, each 1 a portion of the standard non-
interlaced computer monitor.

2. The signal processor of claim 1 comprising a dedicated
digital main processor and associated RAM, ROM and
control logic, a dual RAM bank in communication with the
main processor for storing mnformation representing at least
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one of the graphic video waveform, vector diagram, audio
ographic display and audio phase diagram, the digital pro-
cessor being operable to control the outputting of informa-
tion stored 1n the dual RAM bank for output of the graphic
video waveform, vector diagram, audio graphic display and
audio phase diagram on the standard non-interlaced com-
puter monitor.

3. The signal processor of claim 1 wherein the means for
generating the graphic video waveform and vector diagram
comprises a serial to parallel converter coupled to a YCbCr
demultiplexer and video decoder.

4. The signal processor of claim 1 wherein the means for
ogenerating the resized non-interlaced video 1image comprises
a serial to parallel converter coupled to a YCbCr demulti-
plexer and video decoder coupled to a picture scalar coupled
to a frame rate converter.

5. The signal processor of claim 2 further comprising a
DSP coupled to the main processor, wherein the means for
generating the audio graphic display comprises a digital
multiplexer and serial to parallel converter coupled to the
DSP.

6. The signal processor of claim 5 wherein the audio input
signal 1s an analog surround sound input signal having at
least a left, right, center, left rear, right rear and subwoofer
channel, and the means for generating the audio graphic
display further comprising a plurality of differential receiv-
ers coupled to a plurality of audio amplifiers coupled to a
plurality of analog audio analog to digital converters.

7. The signal processor of claim 5 wherein the audio input
signal 1s an embedded 1 a digital video signal, the audio
input signal having at least a left, right, center, left rear, right

10

15

20

25

30

138

rear and subwoofer channel, and the means for generating
the audio graphic display further comprising an embedded
audio extractor.

8. The signal processor of claim 1 wherein the audio
signal processor 1s operable to simultaneously display the
resized non-interlaced video 1mage, graphic video
waveform, vector display and audio graphic display in
progressive scan format, each 1 a quadrant of the standard
non-interlaced computer monitor.

9. The signal processor of claam 1 wherein the audio
signal processor 1s operable to simultaneously display the
resized non-interlaced video i1mage, graphic video
waveform, vector display and audio phase display 1n pro-
oressive scan format, each 1n a quadrant of the standard
non-interlaced computer monitor.

10. The signal processor of claim 2 further comprising a
CPU graphics processor in communication with the main
processor for storing data representing graticule
information, audio graphic display information and menu
information, the digital processor being mm communication

with the means for generating the resized non-interlaced
video 1mage and being operable to control the outputting of
information stored 1n the a RAM bank 1n the CPU graphics
processor, for simultancous display of the resized non-
interlaced video 1mage, graphic video waveform, vector
diagram, audio graphic display, graticule information and
menu 1nformation 1n progressive scan format, each 1n a
quadrant of the standard non-interlaced computer monitor.
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